U.S. Department of Labor Mine Safety and Health Administration
4015 Wilson Boulevard
Arlington, Virginia 22203-1984

September, 1997
Dear Member of the Mining Community:

| am pleased to provide for review a draft of anew MSHA publication, "Controlling Mercury Hazards in
Gold Mining: A Best Practices Toolbox."

The purpose of this publication is to present guidelines that can be utilized within the mining community
to control employees exposures to elemental mercury. This document is an outgrowth of the information
obtained through a series of technical assistance visits conducted by the Mine Safety and Health
Administration's (MSHA) Denver Safety and Health Technology Center over the last five years. The
focus of these visits was to determine ways of controlling miners exposures to mercury at gold and silver
mining operations.

MSHA plansto publish and widely disseminate this publication by the end of this year. We welcome the
benefit of your feedback which is critical to the successful use of the manual. We are looking for
innovative approaches to controlling employees exposures to mercury. Photographs and descriptions of
these approaches are greatly desired. In addition, please include all ideas about limiting miners exposure
to silver fume and dust which is a persistent problem within the gold and silver mining industries.

MSHA requests al comments by November 15, 1997. Please think of this as your publication, and let us
know how we can improve it so it will serve you better. Please send your comments to:

Michadl L. Lynham
MSHA, District 9 CMS&H
P.O. Box 25367, DFC
Denver, CO 80225

Phone: 303-231-5462, Ext. 142
Email: mllynham@msha.gov

Thank you for your interest in making our Nation's gold and silver mines safe and healthful placesto
work.

Sincerely yours,

T Tl

J. Davitt McAteer
Assistant Secretary for
Mine Safety and Health
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CONTROLLING MERCURY HAZARDSIN GOLD MINING:
A BEST PRACTICES TOOLBOX

ABSTRACT

Mercury hazards traditionally have been associated with the gold mining industry inthe United
States and continue to pose hazards to present day miners. In her 1925 book Industrial Poisons
of the United States, Dr. Alice Hamilton recognized the severe hazardsof mercury in mining.* In
1997, mercury continues to present risks to miners.

Mercury is a cumulative poison which can affect the brain, the central nervous system and the
reproductive system. It can be absorbed by inhalation, ingestion and through the skin.? * If
proper care is not taken at the worksite, miners can carry contaminants home and expose their
families.* Because it has no warning properties, individuals often underestimate the hazard of
exposure to mercury.

The amount of gold produced in the United States has increased tenfold since 1980; employment
in gold mining has increased greatly in the same period. Inthe past Six years, the Mine Safety and
Health Administration (MSHA) has found many overexposures involving mercury. Because of
these overexposures and their corresponding serious potential risksfor miners, MSHA has
developed this document which discusses mercury hazards and current “Best Practices’ to reduce
exposure in the gold and silver mining.industries; The “Best Practices’ section recommends
procedures and activities that a mine operator or health and safety professional can use to ensure
the miner a healthful worksite.
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INTRODUCTION

The Mine Safety and Health Administration (MSHA) is committed to ensuring that miners are
protected from health hazards at the worksite. 1t accomplishes this through enforcement of health
standards and by working with labor, management, and other interested parties to develop and
promote solutions to health problems, to share information and to provide health and safety
training.

Mercury remains a serious hazard in the mining industry. Although there are no current mercury.
mines in the United States, mercury can be naturally present in ore and.is produced as a by-
product of gold and silver mining. The development and growing use of cyanide technology has
increased gold and silver production as well as the recovery of other by-products such as mercury.
Because mercury has no warning properties, MSHA is concerned that many individuals are not
fully cognizant of its hazards and the means necessary to control the risks to miners. In addition,
miners may unknowingly take the contamination home and expose their families™

In the past six years, MSHA has taken nearly 700 samples at gold and silver mines. More than 80
overexposures were found to be above MSHA'’s exposure limit, with 50 percent of the
overexposures measuring more than twice the exposure limit®. The exposures ranged as high as
50 times the allowable limit. Many were found in refinery workers. Overexposuresto silver have
also been found in refinery workers. Inaddition, MSHA'’s Technical Support Group has
conducted nine studies involving mercury hazards at gold and silver mines in the past five years!Z

This document has been developed by MSHA solely for the purpose of providing information to
the gold mining community.on the hazard associated with exposure to mercury. This document is
not intended to establish.official MSHA policy on all possible methods of compliance at every
mining operation. MSHA standards applicable to occupational exposure to mercury may include,
but are not limited to those set forth in Appendix D. The purpose of this publication isto present
“Best Practices” that can be utilized within the mining industry in controlling employees
exposures to liquid and vapor formsof mercury. This document will:

C Characterize the problems associated with controlling mercury vapor within cyanidation
facilities (facilities using cyanide to extract gold and silver).

C Discuss good industrial hygiene practices concerning the design and operation of
cyanidation plants.

C Describe the best practices and controls for reducing employees exposures to mercury.

C Provide a source list of equipment needed to control mercury vapor within the cyanidation
plant and materials required for surface decontamination.



C Provide a list of personal protective equipment to limit employees exposures to mercury.

A checklist is provided for each section to summarize the key points of the respective chapters.
Information from the checklists is not going to be collected; it isnot required to be completed;
and it will not be used for checking compliance with MSHA regulations. Rather, the checklists
are an organizational method for providing information to the public by MSHA for educational
pur poses.



INDUSTRY OVERVIEW

U.S. gold production has increased tenfold since 1980 Production has been at historic record
levels in the 1990's, with U.S. gold production valued at some $4.1 billion in 1996~

Therisein U.S. gold production has coincided with a worldwide production increase attributable
to rising gold prices since 19802 |n the 1990's the United States has become the world’ s second
largest gold-producing nation, after South Africal

In 1996, U.S. gold mi nestd produced approximately 325,000 kilograms of gold, a sight increase
over 1995 production™ From January through April 1997, U.S. mines reportedly produced
104,000 kilograms of gold™! After rising over the period 1991 through 1996, gold prices
registered a net decline in the first 5 months of 1997 However, the Gold Institute, atrade
organization, has projected further production increases through at least 19982

In the United States, there are currently 191 gold minesand 15 silver mines which employ
approximately 19,000 miners. They are distributed in twelve states: Alaska, Arizona, California,
Colorado, Idaho, Montana, Nevada, New Mexico, South Carolina, South Dakota, Utah and
Washington. Approximately 40 percent of the mines have an associated mill. There are also 10
free standing mills which process ore from various mines. Many of the mills also have arefinery.
Twenty-five percent of the gold mines list Silver as a'secondary commodity.

Nevada has the largest number of gold and silver minesin the U.S. It has 30 percent of the total
operations and 65 percent of the miners employed in gold and silver mining. Fifty-eight percent
of its mines have an associated mill. Californiais a distant second with 19 percent of the
operations and 10 percent of the miners. Forty-eight percent of its mines have an associated mill.
For 1996, preliminary data indicate that with slightly over 190 operations, the U.S. gold industry
employed 17,610 mi ners®

A trend to increased underground gold mining is anticipated by many in the mining community.
The U.S. Geological Survey has noted a trend to conversion from surface to underground gold
mining as certain near-surface deposits reach depletionl® Last year, for example, Barrick Gold
Corporation opened a magor new underground gold mine in Nevada, and further increasesin
underground gold mining are predicted 2

In the past six years, MSHA has taken 690 samples at 72 gold and silver mines and found 86
overexposures at 14mines. (These 86 overexposures exceeded the exposure limit without
considering the sampling error factor). Fifty percent of the overexposures were greater than twice
the exposure limit. Many of the overexposures involved refinery workers, some of whom were
also overexposed to silver. MSHA believes that these data indicate an ongoing risk to miners,
which must be addressed by the mining community.



TECHNICAL REVIEW
|. Source of Elemental Mercury

In the Western United States, low-grade gold ore deposits containing mercury have been
developed and are being processed by cyanidation to recover precious metals. “Cyanidation” uses
cyanide solution to extract gold from the ores. These ores usually contain less than 15 parts per
million of mercury2 During the cyanidation process, 10-30 percent of the mercury in the oreis
extracted along with the gold and silver. Reactions representing silver, gold, and mercury are
shown below:2!

Silver

2Ag+4CN +0,+2H,0¥ 2Ag(CN), +2QH +H,0,
2Ag+4CN +H,0,¥ 2Ag(CN), +2 OH

Gold

2AU+4CN +0,+2H,0¥ 2Au(CN), +20H + H,0,
2AU+4CN +H,0,V 2Au(CN), +2OH

Mercury

Hg® +4CN 2 y Hg(CN)2
2Hg+8CN + 0, +2H,0 ¥ 2Hg(CN)2 + 4 OH

The small amount of elemental mercury that is extracted from the host ore can pose health risks to
employees who work with the gold-bearing solution purification and concentration circuit and in
the refinery. The reason isthat the cyanidation process involves concentrating the precious metals
and the mercury by afactor of 3,000-4,0002 Thisis required to produce a small volume of high
grade gold solution that is suitable for final gold recovery. Elemental mercury vapor is released
when the “ pregnant leach” solution undergoes the Hydro/Pyro”B recovery process required to
produce the dore bars.

A review of the toxicology of elemental mercury will show the importance of limiting miners
exposures to this contaminant.

Il. Toxicology of Elemental Mercury
Symptoms of Exposure
Mercury is a heavy metal that can cause permanent disability and even death in miners unlessit is

properly controlled. It can also affect the children of miners who may become exposed when their
parents bring home mercury through contamination of clothing and other items2 Exposure to



mercury can affect the nervous system and the kidneys.

Mercury poisoning can result from both acute and chronic exposures. It iscritical to recognize
that exposure to mercury can be without warning, thus, workers may not know the extent
to which they have been contaminated. It isessential that personal, environmental, and
biological monitoring be done to determine the exposure hazard and evaluate symptoms, as
necessary.

The symptoms of acute mercury exposure generally involve the lung and central nervous system.
The early symptoms include tremors, nausea, shortness of breath, chest pain, progressive
pulmonary failure, and pneumonitis. Nervous system damage including hallucinations has also
been reported. The symptoms can progress and deaths have resulted from severe acute
poisonings within days of exposureZ

The symptoms of chronic mercury poisoning are nonspecific, making early detection of poisoning
difficult. Early signs of chronic mercury poisoning are mild central nervous system dysfunction,
including increased irritability, loss of memory, reduced self-confidence, insomnia, anorexia, and
dight hand tremor. Chronic mercury poisoning can cause kidney damage resulting in proteinuria,
which is the appearance of protein in the urine. .Mercury can also adversely affect both male and
female reproductive systems; in one study, following a single acute exposure, several men
developed chronic and irreversibly impaired sexual functions?2 |f excessive exposure to mercury
is not controlled, the symptoms can become severe, resulting in permanent disability and loss of
function. At any stage with symptoms, removal from exposure may not result in improvement.
The symptoms of chronic mercury poisoning do not vary by route of exposure2

Routes of Exposure
Mercury can be absorbed viathe lungs, skin and gastrointestinal tract.
Although the absorption rate variesfor each route, it iscritical for the protection of the
worker that each route of exposure be controlled. Uncontrolled routes of exposure will
lessen the overall protection given the worker by the controlsin place. Thefollowingisa

brief discussion of each absorption and elimination pathway=!

Pulmonary Route of Exposure

Vapor inhaation is the main route of entry into the body. Mercury vapor diffuses across the
alveolar membranes of the lungs and it is estimated that between 74 and 80 percent of the inhaled
mercury is retained in the bodyd After absorption, the elemental mercury continues to exist for a
short time in the metallic form, thereby enabling it to cross the blood-brain barrier or placenta.
Metallic mercury is oxidized by hydrogen peroxide-catalase to divalent ionic mercury (Hg*)
which fixesto proteins. Oxidation of mercury to the ionic form, which isless likely to cross
barriers, can trap it in the brain and the placental®
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Dermal Route of Exposure

Mercury vapor is absorbed through the human skin. The dermal uptake at whole-body exposure
is estimated to be 2.2 percent of the pulmonary uptake Dermal contact with liquid mercury
could significantly increase biological levels. Metallic mercury may also cause allergic contact
eczema. In addition to percutaneous exposure, contact with mercury by unprotected skin or
porous work clothing can result in enhanced risk of pulmonary uptake due to the vaporization of
the mercury

Gastrointestinal Route of Exposure

Metallic mercury is not well absorbed when ingested unless a gastrointestinal (Gl) fistula (lesion)
or other Gl inflammatory disease is present. The oral absorption of elemental mercury is limited
and is less than 0.01 percent !

Elimination of Metallic Mercury

Excretion of elemental and divalent mercury occurs primarily in the urine and feces. Mercury has
a half-life of 40 to 60 days. The highest concentrations of absorbed mercury are found in the gray
matter of the brain, in the kidney and in the liver.

[Il. Mercury Exposure Limits

MSHA standards at 30 CFR 88 56/57.5001, for metal and nonmetal mines, incorporate by
reference the 1973 edition of the American Conference of Governmental Industrial Hygienists
publication “TLV’s Threshold Limit Values for Chemical Substances in Workroom Air Adopted
by ACGIH for 1973.” The standards require that exposure to airborne contaminants not exceed,
on the basis of a time weighted average, the 1973 threshold limit values adopted by ACGIH. Asa
result, MSHA’s current TLV-TWA (8-hour shift) for mercury (all forms except alkyl) is 0.050
mg/m?.

The following is alist of other exposure limits for metallic mercury vapor established by various
safety and health organizations. These limits are designed to prevent adverse central nervous
system and kidney effects resulting from exposure to metallic mercury vapor. Currently, no
unequivocally safe level has been ascertained to protect the reproductive functions of males and
females. The ACGIH recommends that women of childbearing age should not be exposed to air
concentrations of metallic mercury vapor greater than 0.010 mg/m?*

American Conference of Governmental Industrial Hygienists®
Mercury, inorganic forms including metallic mercury (skin)
C TLV-TWA (8-hour shift): 0.025 mg/m?

The ACGIH has also assigned a “skin” designation to certain forms of mercury. Thisrefersto the
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potential for significant contribution to an individual’ s overall exposure to mercury by

the cutaneous route. This includes mucous membranes and the eyes, either by contact with
vapors or by direct contact with the mercury. The amount of mercury an individual may safely
contact is not specified by the ACGIH.

National Institute for Occupational Safety and HealtH®’
Mercury, compounds [except (organo) alkyls] (skin)
C REL (8-hour shift): 0.050 mg/m?
C IDLH: 10 mg/m®

Occupational Safety and Health Administratior,

C PEL: Ceiling - 0.100 mg/m?

World Health Organizatior®

C TLV-TWA (8-hour shift): 0.050 mg/n?®
V. General Cyanidation Process

The run-of-mine ore is crushed and ground to an optimum particle size to make the ore amenable
to gold extraction. An oxidative processmay be reguired as a pretreatment for sulphidic and
carbonaceous ores that will permit the precious metals to be extracted by standard
hydrometallurgical techniques.

The next step of the cyanidation process is to leach the precious metals from the gold-bearing ore
with a weak cyanide solution. In this step, the precious metals and mercury are solubilized into
the cyanide solution as cyanide-metal complexes. This phase can be accomplished through heap
leaching or tank agitation leaching. The “pregnant leach” solution is pumped to carbon columns
where the precious metals undergo further purification and concentration. There are two standard
techniques by which this phase can be accomplished and they are “carbon-in-pulp” and “carbon-
in-leach”. Each technique involves mixing the “pregnant leach” solution with activated carbon in
carbon columns or tanks. The metal cyanide complexes are adsorbed onto the activated carbon.
The difference between the two techniques is that in the “ carbon-in-leach” method, the leaching
and carbon adsorption phases are done simultaneously within the same vessel. With the other
technique, the leaching and carbon adsorption phases are two distinct steps.

The next step involves acid washing the loaded carbon to remove inorganic fouling agents to
improve the efficiency of the metals desorption process. The carbon is washed using either a
weak hydrochloric acid solution or a nitric acid solution.

The acid-washed carbon is then sent to a carbon elution vessel where the precious metas are

stripped from the carbon. The elution systems are operated at elevated temperatures and
pressures. The stripped carbon is transferred to arotary kiln for regeneration. The carbon is
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regenerated by heating it in the rotary kiln at approximately 700°C in a reducing atmosphere, such
as steam. There-activated carbon is returned to the carbon adsorption circuit. The carbon strip
solution is pumped to the refinery to recover the precious metals.

The gold and silver are recovered using either the Merrill-Crowe zinc precipitation method or
through electrowinning. The silver content of the ore body usually dictates the gold recovery
method that will be utilized at any one mine. Mines having an ore body containinga high
percentage of silver will tend to use the Merrill-Crowe technique while others will use
electrowinning. The Merrill-Crowe method involves using elemental zinc to reduce the metal
cyanide complexes, such as gold and silver to their respective elemental forms. The solution is
drawn through afilter press where the precipitate is collected. Electrowinning involves reducing
the metal cyanide complexesto their elemental form by applying a voltage across a pair of
electrodes immersed in the carbon strip solution. In each method, the neutral mercury cyanide
complex will also be reduced to its elemental form. Therefore, both the zinc precipitate and the
electrowon sponge must be retorted prior to smelting of the concentrate.

The retorted concentrate is mixed with slag-forming fluxes and smelted in.a furnace. Once
smelting is completed, the slag is poured off and the precious metal aloy is poured into dore bars.
A genera cyanidation process flow sheet is depicted in.

V. Sourcesof Mercury Exposure

The primary sources of mercury exposure connected with the cyanidation process stem from the
following:

Carbon Adsorption Columns.

Carbon Elution Vessels & Feed Bins.

Carbon Regeneration Kiln & Feed Bins.

Regenerated Carbon Screens.

Zinc Precipitate Filter Presses.

Electrowinning Cells and Cathodes.

Mercury Retort and associated Equipment.

Local Exhaust Ventilation System Components (scrubbers, fans and duct
work).

C Recirculation of Contaminated Air from Poorly Maintained HVAC Units.

O0O0O0O0O0O0O000O0

Secondary sources of mercury exposure are:

Mercury Contaminated Work Clothes & Equipment.
Mercury Contaminated Clothes Lockers.

Poor Housekeeping Practices.

Poor Personal Hygiene Practices.

OO0
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Each of these sources must be examined with respect to reducing employees exposuresto both
liquid and vapor forms of mercury.
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BEST PRACTICES:

EMPLOYEE HYGIENE FACILITY

|. Introduction

Clothing worn by employees who work with or near mercury-contaminated equipment and work
surfaces can become contaminated with mercury. This potentialy contaminated clothing should
never be worn home for laundering or stored in the same lockers used to hold employees' street
clothes. MSHA has identified situations in which employees’ personal motor vehicles and their
homes have been contaminated with mercury because good industrial hygiene practices were not
followed. The purpose of the employee hygiene facility isto limit employees exposuresto
mercury and to prevent mercury from being transported from the employee’ s work environment
to their autos, homes and persona belongings. Thisis accomplished by providing a place to
shower and by isolating street clothes from sources of mercury such as contaminated work
clothes and tools.

II. Building Materials

Building materials that have a porous surface can, over time, become contaminated with mercury
vapor. These contaminated surfaces will be a secondary exposure source if they are not properly
cleaned or treated. Since most construction products are porous, it is best to select a material that
provides a smooth finished surface that can be easily sealed and cleaned. The following
considerations should be given when selecting building materials for the portions of the
cyanidation plant containing mercury:

C Wood, carpeting, wallboard or any other material which are not suitable for making a
continuous crack-free, non-absorptive surface should not be used in the construction of
any structure that will be exposed to elemental mercury.

C Walls should be constructed of either cinder block or concrete and sealed with an epoxy
paint.

C The floor should be concrete and treated with a non-dlip epoxy paint. Cracks between
floor sections should be filled with an epoxy compound containing a fine aggregate. The
epoxy compound should have enough elasticity so that cracks will not form due to
movement of the concrete dlab.

C The same epoxy compound can be used as a coping against the walls of the building. This
will create a 1-inch lip where the floor meets the walls, thereby minimizing seepage of
mercury between these two surfaces.

|. Location and Interior Layout

15



A general layout of a hygiene facility is depicted in It consists of four separate areas:

C A clean (mercury-free) locker room where personnel can remove and store their street
clothes and personal belongings.

C A shower areawhere personnel can shower after work.

C A “dirty”®ocker room where personnel can change into their work clothes prior to the
start of their shift and wash and store them after work.

C A clean lunch and/or break room where personnel‘can eat.

The hygiene facility location should be such that employees enter the clean side of the facility
from the parking lot. They should not be required to walk through any process areawhere there
is potential for mercury contamination. The general flow of foot traffic for the facility is shown in
Employees should enter directly into the work area from the “dirty” side of the hygiene
facility and not go through the lunch room. It is suggested that a “lunch bay”, for transferring
lunches to the lunch room be located in the interior wall-.separating the clean locker room and the
lunch room. Such an arrangement is depicted in[Figure 3]

The clean side should be equipped with clothes lockers, and toilet facilities. Visitorsand
employees should remove their street clothes and store them in alocker at thislocation.
Attention should be paid to the physical arrangement and egquipment (including towels or robes)
to ensure privacy. It isrecommended that al jewelry be removed prior to entering the work
areas.

Next, employees should proceed to the “dirty” room to don their work clothes. Showers should
be located between the “dirty” and clean locker rooms. This arrangement serves two purposes.
(1) employees exit the shower directly into the clean locker room and (2) it separates the clean
locker room from the “dirty” one. Soap and towels should be provided.
